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  ﻤﻠﺨﺹ ﺍﻟﺒﺤﺙ
ﺍﺯﺩﻫﺭﺕ ﻤﺯﺍﺭﻉ ﺃﺒﻘﺎﺭ ﺍﻷﻟﺒﺎﻥ ﻓﻲ ﻭﻻﻴﺔ ﺍﻟﺨﺭﻁـﻭﻡ ﻟﻜـﻥ ﺼـﺎﺤﺏ ﻫـﺫﺍ 
  .ﺍﻻﺯﺩﻫﺎﺭ ﺍﻨﺘﺸﺎﺭ ﻤﺭﺽ ﺍﻟﺒﺭﻭﺴﻴﻼ ﻓﻲ ﺍﻟﻭﻻﻴﺔ
ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺃﺠﺭﻴﺕ ﻟﻤﻌﺭﻓﺔ ﺃﺴﺒﺎﺏ ﺍﻨﺘﺸﺎﺭ ﺍﻟﻤـﺭﺽ ﻭﺘﻘﻴـﻴﻡ ﺍﻻﺨﺘﺒـﺎﺭﺍﺕ 
 . ﺍﻟﻤﺴﺘﻌﻤﻠﺔ ﻓﻲ ﺘﺸﺨﻴﺼﻪ ﻭﺍﻗﺘﺭﺍﺡ ﺍﻟﺴﺒل ﺍﻟﻜﻔﻴﻠﺔ ﻟﻠﺴﻴﻁﺭﺓ ﻋﻠﻴﻪ
 ﻋﻴﻨـﺔ 003 ﻋﻴﻨﺔ ﻤﺼل ، 5111 ﺸﻤﻠﺕ  ﻋﻴﻨﻪ ﻤﺨﺘﻠﻔﺔ 7141ﺘﻡ ﺠﻤﻊ ﻋﺩﺩ 
 ﻓﻲ 02 ﻤﺯﺭﻋﺔ ﺨﻤﺱ ﻤﻨﻬﺎ ﻓﻲ ﺃﻡ ﺩﺭﻤﺎﻥ ﻭ 64 ﻋﻴﻨﺔ ﺇﻓﺭﺍﺯﺍﺕ ﻤﻬﺒﻠﻴﺔ ﻤﻥ 2ﻟﺒﻥ ﻭ 
 ﻓﻲ ﺍﻟﺨﺭﻁﻭﻡ ﺒﺤﺭﻱ ﻭﻤﺯﺭﻋﺘﻴﻥ ﻓﻲ ﺍﻟﺒﺎﻗﻴﺭ ﺘﺸﻜﻼﻥ ﺍﻜﺒﺭ ﻤـﺯﺍﺭﻉ 91ﺍﻟﺨﺭﻁﻭﻡ ﻭ 
 ﻤﻨﻁﻘﺔ ﻋﺸﺭ ﻤﻨﻬـﺎ ﻓـﻲ 11ﻫﺫﻩ ﺍﻟﻤﺯﺍﺭﻉ ﺘﻘﻊ ﻓﻲ . ﺇﻨﺘﺎﺝ ﻟﻠﺒﻥ ﻓﻲ ﻭﻻﻴﺔ ﺍﻟﺨﺭﻁﻭﻡ 
ﺃﻨﻭﺍﻉ ﺍﻷﺒﻘﺎﺭ ﺍﻟﺘﻲ ﺸـﻤﻠﺘﻬﺎ . ﻭﺍﺤﺩﺓ ﻓﻘﻁ ﻓﻲ ﻭﻻﻴﺔ ﺍﻟﺠﺯﻴﺭﺓ ﻭﻻﻴﺔ ﺍﻟﺨﺭﻁﻭﻡ ﻭﻤﻨﻁﻘﺔ 
ﻋـﺩﺩ . ﺍﻟﺩﺭﺍﺴﺔ ﻏﺎﻟﺒﺎﹰ ﻫﺠﻴﻥ ﺒﻴﻥ ﺍﻟﻔﺭﺯﻴﻥ ﻭﺍﻟﺴﻼﻻﺕ ﺍﻟﻤﺤﻠﻴﺔ ﻤﻥ ﻜﻨﺎﻨـﺔ ﻭﺒﻁﺎﻨـﺔ 
 ﺒﺎﺴﺘﺜﻨﺎﺀ ﺒﻌﺽ ﺍﻟﻤﺯﺍﺭﻉ ﻤﺜل ﻤﺯﺭﻋﺔ 05 – 01ﺍﻷﺒﻘﺎﺭ ﻓﻲ ﻜل ﻤﺯﺭﻋﺔ ﻴﺘﺭﺍﻭﺡ ﺒﻴﻥ 
 ﺸﻤﻠﺘﻬﺎ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻋﻤﺎﺭ ﺍﻷﺒﻘﺎﺭ ﺍﻟﺘﻲ .  ﺒﻘﺭﺓ 0001ﺍﻟﺒﺎﻗﻴﺭ ﺍﻟﺘﻲ ﺘﺤﺘﻭﻱ ﻋﻠﻰ ﺃﻜﺜﺭ ﻤﻥ 
ﻤﻌﻅﻡ ﺍﻟﻤﺯﺍﺭﻉ ﻜﺎﻨﺕ ﺘﻔﺘﻘﺭ ﺇﻟﻰ ﺒﻴﺌﺔ ﺼﺤﻴﺔ ﻓﻼ ﻴﻭﺠﺩ .  ﺴﻨﻭﺍﺕ 8 – 1ﺘﺭﻭﺍﺤﺕ ﺒﻴﻥ 
ﺇﺸﺭﺍﻑ ﺒﻴﻁﺭﻱ ﻤﺒﺎﺸﺭ ﻭﻻ ﺘﻭﺠﺩ ﺃﻤﺎﻜﻥ ﻟﻠﺤﺠﺭ ﺍﻟﺼﺤﻲ ﻟﻸﺒﻘﺎﺭ ﺍﻟﻤﺭﻴﻀﺔ ﻭﺍﻟﺘﻲ ﻓﻲ 
ﺤﺎﻟﺔ ﺇﺠﻬﺎﺽ ﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﻋﺩﻡ ﻭﺠﻭﺩ ﺴﺠﻼﺕ ﻭﺒﺭﺍﻤﺞ ﻟﻠﺘﻁﻌﻴﻡ ﻀﺩ ﺍﻟﺒﺭﻭﺴـﻴﻼ 
  .ﺒﺎﺴﺘﺜﻨﺎﺀ ﻤﺯﺭﻋﺔ ﻭﺍﺤﺩﺓ 
VI 
ﺍﻻﺴﺘﺒﻴﺎﻥ ﺴﺠﻠﺕ ﺤﺎﻻﺕ ﺇﺠﻬﺎﺽ ﻭﺃﺠﻨﺔ ﻤﻴﺘﺔ ﻋﻨﺩ ﺍﻟـﻭﻻﺩﺓ ﺃﻭ  ﻋﻥ ﻁﺭﻴﻕ 
ﺒﻌﺩ ﻭﻻﺩﺘﻬﺎ ﻤﺒﺎﺸﺭﺓ ﺒﺎﻹﻀﺎﻓﺔ ﺇﻟﻰ ﻓﻘﺩﺍﻥ ﺍﻟﺨﺼﻭﺒﺔ، ﺍﻷﺒﻘﺎﺭ ﺍﻟﺘﻲ ﺸـﻤﻠﺘﻬﺎ ﺍﻟﺩﺭﺍﺴـﺔ 
  .  ﻓﻘﻁ 651ﻨﺎﺜﺎ ﻭﻋﺩﺩ ﺍﻟﺫﻜﻭﺭ 1621
ﺘﻡ ﺍﺴﺘﺨﺩﺍﻡ ﻋﺩﺩ ﻤﻥ ﺍﻻﺨﺘﺒﺎﺭﺍﺕ ﺍﻟﻤﺼﻠﻴﺔ ﺸـﻤﻠﺕ ﺍﺨﺘﺒـﺎﺭ ﺍﻟـﺭﻭﺯ ﺒﻨﻐـﺎل 
، "  ﻭﺁﺨﺭ ﻤﺴﺘﻭﺭﺩ ﻤﻥ ﺍﻟﻤﻤﻠﻜـﺔ ﺍﻟﻤﺘﺤـﺩﺓ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺍﻨﺘﺠﻴﻥ ﻤﻨﺘﺞ ﻤﺤﻠﻴﺎﹰ " ﺍﻟﺼﺤﻨﻲ 
ﺍﻟﺘﻠﺯﻥ ﺍﻷﻨﺒﻭﺒﻲ ، ﺍﻻﻟﻴﺯﺍ ﺍﻟﺘﻨﺎﻓﺴﻴﺔ ، ﺍﻻﻟﻴﺯﺍ ﺍﻟﻐﻴﺭ ﻤﺒﺎﺸﺭﺓ ، ﺍﻟﺤﻠﻴﺏ ﺍﻟﺤﻠﻘﻲ ﻭ ﺍﻟﻴﺯﺍ 
 ﻤﺯﺭﻋـﺔ 64 ﻤﺯﺭﻋﺔ ﻤﻥ ﻤﺠﻤﻭﻉ 13ﻋﺩﺩ ﺍﻟﻤﺯﺍﺭﻉ ﺍﻟﻤﻭﺒﺅﺓ :ﻭﻭﺠﺩ ﺍﻷﺘﻲ . ﺍﻟﺤﻠﻴﺏ
ﻤﻥ %( 51 )802ﻋﺩﺩ ﺍﻟﻌﻴﻨﺎﺕ ﺍﻟﻤﻭﺠﺒﺔ ﻻﺨﺘﺒﺎﺭﺍﺕ ﺍﻟﺒﺭﻭﺴﻴﻼ ﺍﻟﻤﺨﺘﻠﻔﺔ %.86ﺒﻨﺴﺒﺔ 
، ﻋﺩﺩ ﺍﻟﻌﻴﻨﺎﺕ ﺍﻟﻤﻭﺠﺒﺔ ﻻﺨﺘﺒﺎﺭ ﺍﻟﺭﻭﺯ ﺒﻨﻐﺎل ﺍﻟـﺼﺤﻨﻲ ﺍﻟـﺫﻱ ﺘـﻡ 7141ﻤﺠﻤﻭﻉ 
ﻭﻟﻡ ﻴﺴﺠل %. 21 ﻋﻴﻨﺔ ﺴﻴﺭﻡ ﺒﻨﺴﺒﺔ 5111 ﻋﻴﻨﺔ ﻤﻥ ﻤﺠﻤﻭﻉ 331ﺘﺤﻀﻴﺭﻩ ﻤﺤﻠﻴﺎﹰ 
ﺃﻱ ﺍﺨﺘﻼﻑ ﻋﻨﺩﻤﺎ ﺃﻋﻴﺩ ﺍﺨﺘﺒﺎﺭ ﻨﻔﺱ ﺍﻟﻌﻴﻨـﺎﺕ ﺒﻭﺍﺴـﻁﺔ ﺭﻭﺯ ﺒﻨﻐـﺎل ﺍﻟـﺼﺤﻨﻲ 
 371ﺍﺭﺘﻔـﻊ ﺇﻟـﻰ ﻭﻟﻜﻥ ﻋﺩﺩ ﺍﻟﻌﻴﻨﺎﺕ ﺍﻟﻤﻭﺠﺒـﺔ . ﺍﻟﻤﺴﺘﻭﺭﺩ ﻤﻥ ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻤﺘﺤﺩﺓ 
ﻜـل ﺍﻟﻌﻴﻨـﺎﺕ . ﻋﻨﺩﻤﺎ ﺃﻋﻴﺩ ﺍﺨﺘﺒﺎﺭ ﺍﻟﻌﻴﻨﺎﺕ ﺒﻭﺍﺴﻁﺔ ﺍﻻﻟﻴﺯﺍ ﺍﻟﻐﻴﺭ ﻤﺒﺎﺸﺭﺓ %( 51)
ﺍﻟﻤﻭﺠﺒﺔ ﻟﻠﺭﻭﺯ ﺒﻨﻐﺎل ﺍﻟﺼﺤﻨﻲ ﻭﺍﻻﻟﻴﺯﺍ ﺍﻟﻐﻴﺭ ﻤﺒﺎﺸﺭﺓ ﺃﻋﻴﺩ ﺍﺨﺘﺒﺎﺭﻫﺎ ﺒﻭﺍﺴﻁﺔ ﺍﻻﻟﻴﺯﺍ 
ﺍﻟﺘﻨﺎﻓﺴﻴﺔ ﻭﺘﻡ ﺘﺴﺠﻴل ﻋﺩﺩ ﺃﺭﺒﻌﺔ ﻋﻴﻨﺎﺕ ﺴﺎﻟﺒﺔ ﻟﻼﻟﻴـﺯﺍ ﻭﻤﻭﺠﺒـﺔ ﻟﻠـﺭﻭﺯ ﺒﻨﻐـﺎل 
 .ﺍﻟﺼﺤﻨﻲ 
V 
ﻤﻭﺠﺒﺔ ﻻﺨﺘﺒﺎﺭ ﺭﻭﺯ ﺒﻨﻐﺎل ﺃﻋﻴﺩ ﺍﺨﺘﺒﺎﺭﻫﺎ ﺒﻭﺍﺴـﻁﺔ ﺍﺨﺘﺒـﺎﺭ ﻜل ﺍﻟﻌﻴﻨﺎﺕ ﺍﻟ 
ﺍﻟﺘﻠﺯﻥ ﺍﻷﻨﺒﻭﺒﻲ ﻟﻤﻌﺭﻓﺔ ﻤﺴﺘﻭﻯ ﺍﻷﺠﺴﺎﻡ ﺍﻟﻤﻀﺎﺩﺓ ﻓﻴﻬﺎ ﻭﻟﻘﺩ ﻭﺠﺩ ﺃﻥ ﺍﻗل ﻤـﺴﺘﻭﻯ 
 . ﻭﺤﺩﺓ ﺩﻭﻟﻴﺔ 00221 ﻭﺤﺩﺓ ﺩﻭﻟﻴﺔ ﻭﺃﻋﻠﻰ ﻤﺴﺘﻭﻯ13ﻟﻸﺠﺴﺎﻡ ﺍﻟﻤﻀﺎﺩﺓ ﻫﻭ
 ﺘﻡ ﺍﺨﺘﺒﺎﺭﻫﺎ ﺒﻭﺍﺴﻁﺔ ﺍﺨﺘﺒﺎﺭ ﺍﻟﺤﻠﻴـﺏ ﺍﻟﺤﻠﻘـﻲ 003ﻋﻴﻨﺎﺕ ﺍﻟﺤﻠﻴﺏ ﻭﻋﺩﺩﻫﺎ    
 ﻋﻴﻨﺔ ﺤﻠﻴـﺏ ﻋـﺸﻭﺍﺌﻴﺎﹰ 061ﻜﻤﺎ ﺃﻋﻴﺩ ﺍﺨﺘﺒﺎﺭ . ﻤﻭﺠﺒﺔ%( 11) ﻋﻴﻨﺔ 43ﺕ ﻭﻭﺠﺩ
  . ﺒﻭﺍﺴﻁﺔ ﺍﻟﻴﺯﺍ ﺍﻟﺤﻠﻴﺏ ﻭﻟﻡ ﻴﺘﻡ ﺘﺴﺠﻴل ﺃﻱ ﺤﺎﻟﺔ ﺍﺨﺘﻼﻑ
 ﻋﻴﻨﺔ ﻤﻥ ﺍﻹﻓﺭﺍﺯﺍﺕ ﺍﻟﻤﻬﺒﻠﻴﺔ ﻷﺒﻘﺎﺭ ﺃﺠﻬـﻀﺕ ﺤـﺩﻴﺜﺎﹰ ﻭﺘـﻡ 2ﺘﻡ ﺍﺨﺫ ﻋﺩﺩ 
ﺼﺒﻐﻬﺎ ﺒﺼﺒﻐﺔ ﺠﺭﺍﻡ ﻭﺯﻴل ﻨﻠﺴﻭﻥ ﺍﻟﻤﻌﺩﻟﺔ ﻭﺯﺭﺍﻋﺘﻬﻤﺎ ﻓﻲ ﺃﺠﺎﺭ ﺍﻟﺒﻁﺎﻁﺱ ﻭﺍﺤـﺩﺓ 
ﺃﺭﺴـﻠﺕ  ( ﺒﺭﻭﺴﻴﻼ ﺍﺒﻭﺭﺘﺱ )ﺒﻜﺘﻴﺭﻴﺎ ﺸﺒﻴﻬﺔ ﺒﺎﻟﺒﺭﻭﺴﻴﻼ ﺍﻟﻤﺠﻬﻀﺔ  ﻤﻨﻬﻤﺎ ﺃﻋﻁﺕ 
  ( .1ﺒﺎﻴﻭﻓﺎﺭ )ﺇﻟﻰ ﺍﻟﻤﻤﻠﻜﺔ ﺍﻟﻤﺘﺤﺩﺓ ﻭﺘﻡ ﺘﺼﻨﻴﻑ ﺍﻟﻨﻭﻉ ﺍﻟﺒﻴﻭﻟﻭﺠﻲ 
ﻭﺫﻟﻙ ﻴﺭﺠﻊ ﺇﻟـﻰ ﻨﻅـﺎﻡ . ﻴﻼﺤﻅ ﺍﺭﺘﻔﺎﻉ ﻤﻌﺩل ﺍﻹﺼﺎﺒﺔ ﺒﻤﺭﺽ ﺍﻟﺒﺭﻭﺴﻴﻼ 
  .ﺍﻟﺘﺭﺒﻴﺔ ﺍﻟﻤﺴﺘﺨﺩﻡ ﻓﻲ ﺍﻟﻤﺯﺍﺭﻉ ﻭﻏﻴﺎﺏ ﺍﻹﺠﺭﺍﺀﺍﺕ ﺍﻟﺼﺤﻴﺔ ﻭﺍﻟﺒﻴﺌﺔ ﺍﻟﺴﻠﻴﻤﺔ 
 ﻋﻠﻰ ﺍﻟﻤﺭﺽ ﻴﺠﺏ ﺘﻭﻋﻴﺔ ﺍﻟﻤﺯﺍﺭﻋﻴﻥ ﻭﺘﺤﺫﻴﺭﻫﻡ ﻤﻥ ﺍﻟﻤﺭﺽ ، ﺇﺼـﺤﺎﺡ ﻟﻠﺴﻴﻁﺭﺓ
ﺍﻟﺒﻴﺌﺔ ، ﺍﺴﺘﺨﺩﺍﻡ ﺍﺨﺘﺒﺎﺭﺍﺕ ﺃﻜﺜﺭ ﺤﺴﺎﺴﻴﺔ ﻭﻨﻭﻋﻴﺔ ﻭﺘﻁﻌـﻴﻡ ﺍﻷﺒﻘـﺎﺭ ﻭﺍﻟﺤﻴﻭﺍﻨـﺎﺕ 
ﺍﻷﺨﺭﻯ ﺍﻟﻤﺨﺘﻠﻁﺔ ﻤﻌﻬﺎ ﻭﺍﻟﻘﺎﺒﻠﺔ ﻟﻺﺼﺎﺒﺔ ﺒﺎﻟﻤﺭﺽ ﻭﺇﺠﺭﺍﺀ ﺍﻟﺘﻁﻌﻴﻡ ﺍﻟﻤﻨﺘﻅﻡ ﻟﻸﺒﻘﺎﺭ 
ﺕ ﺍﻟـﺫﺒﺢ ﺍﻻﻀـﻁﺭﺍﺭﻱ ﺒﻌﺩ ﻨﺠﺎﺡ ﻫﺫﻩ ﺍﻟﺨﻁﻭﺓ ﻴﺘﻡ ﺍﺴﺘﺌﺼﺎل ﺍﻟﻤﺭﺽ ﻨﻬﺎﺌﻴﺎﹰ ﺒﻌﻤﻠﻴﺎ 
  .  ﻟﻠﻤﺼﺎﺒﺔ
 VI
Abstract 
 
Dairy farming is flourishing in Khartoum State, but 
brucellosis harmpers efforts of investors in the sector. This study 
was designed to study factors responsible for the spread of the 
disease in the state, evaluate the diagnostic tests used for its 
diagnosis and suggest control measure. 
In this study 1417 samples consisted of 1115 serum, 300 
milk samples and two vaginal discharges were collected from 46 
dairy farms, five farms in Omdrman, 20 in Khartoum, 19 in 
Khartoum North (Khartoum State) and two in Elbagir in 
Elgazera State. These farms were from 11 different localities in 
Khartoum State and the two farms in Elgazeira State were in 
one locality. The type of cattle examined were mainly crosses 
between Foreign and local Kenana or Botana types. Each farm 
contained between 10-50 cows with the exception of one farm in 
El Bagair which contained over 1000 cattle. The age of cattle 
ranged between 1-8 years. The farms had poor hygienic 
conditions, lacked proper veterinary supervision, had no 
quarantine measures for sick or aborting animals, no records and 
vaccination was not practiced except in one farm in Elbagir. 
With the aid of a questionnaire information obtained 
showed that there were many clinical conditions suggestive of 
the disease, such as abortions, stillbirths and infertility. Samples 
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were collected from 1261 females and 156 male cattle in the 
above mentioned farms. 
Different tests were used for the examination of samples. 
They included Rose Bengal Plate Test (RBPT) using locally 
prepared antigen and antigen imported form U.K, indirect 
Enzyme linked Immunosorbent Assay (iELISA), competitive 
Enzyme linked Immunosorbent Assay (cELISA), Milk Ring 
Test (MRT), milk Enzyme linked Immunosorbent Assay 
(mELISA) and Serum Agglutination Test (SAT). Of the 46 
farms visited 32 (68%) had evidence of brucellosis. Of 1417 
samples collected from animals in different farms 208 (15%) 
were positive for brucellosis. Out of the 1115 serum samples 
tested using RBPT employing antigen prepared locally 133 
(12%) were positive for the test. The same results were obtained 
when the samples were reexamined by the RBPT using antigen 
imported from Veterinary Labororatories Agency VLA, United 
Kingdom (U.K). The number of positive samples increased to 
173 (15%) when the same samples were reexamined by iELISA 
.The samples which were positive in RBPT were rexamined 
using cELISA and four samples were found negative. 
All samples which had been positive in RBPT were 
reexamined by SAT to measure their antibody levels in 
international units (i.u). It was found that the minimum level 
was 31 i.u. and maximum was 12200i.u. 
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Out of 300 milk samples examined by MRT, 34 (11%) 
samples were positive. One hundred and sixty random milk 
samples were reexamined by mELISA and the results agreed 
with those of the MRT. 
Vaginal discharges from two aborted cows were cultured 
on potato agar and stained with Gram and modified Zihel 
Neelsen for Brucella, one sample yielded Brucella abortus 
organism. The isolate was identified as B. abortus biovar1. 
The prevalence rate of Brucellosis in Khartoum State was 
high and this may be attributed to the system of animal 
husbandry and poorly hygienic measures. 
The disease can be controlled by raising awareness of 
animal breeder about the disease, adoption of better hygienic 
measures, use of proper diagnostic methods and regular 
vaccination of cattle and other species in contact. On the success 
of control measures the policy of elimination of diseased 
animals  by stamping out may be considered later.  
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Introduction 
Brucellosis is a serious zoonotic disease of animals which is 
transmitted to man. The disease is prevalent throughout the world. But 
number of countries where eradication has been achieved is growing  
(Nicoletti, 1980). 
The name Brucella was given in recognition of Sir David Bruce who 
isolated the organism from spleens of some Britich solders who died of 
the disease in Malta in 1887. Then Zammit (1904) a Maltese 
bacteriologist showed that the organism was transmitted to man from 
infected goat’s milk, this organism was called Brucella melitensis.      
(B.melitensis). In man the disease was known as Malta fever, 
Mediterranean fever and Goat fever (Carpenter and Hubbert, 1963). 
The first isolate from cattle was made by Bang (1897) who named 
his isolate Brucella abortus (B. abortus). In recongnition to his work the 
disease in cattle was named Bang’s disease. It is also known as infectious 
abortion, slinking of calve and contagious abortion. Brucella suis was 
isolated from a fetus of premature delivered sow in United State in 1914 
by Traum. In 1918 Evans placed the three organism in separate genus. In 
1920 Meyer and Show, suggested the name Brucella for the genus. Four 
more species  belong to the group are B. neotomae, B. ovis B. canis and 
B. maris. 
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In the Sudan the first report of Brucellosis in man was in 1904 at 
Barber (Haseeb 1950). Animal brucellosis was diagnosed in cattle since 
1943 (Bennet, 1943) and subsequently in other species (El Nasri, 1960; 
Dafalla, 1962 and Musa, 1990). Brucellosis remains a major public health 
hazard and cases serious economic losses in terms of abortion, 
diminished milk production and culling of infected animals. In humans 
expenses of hospitalization and treatment of people and reduction of 
working hours also result in economic losses (Chukwu, 1985). 
Presently, dairy farming is a growing business in the Sudan, 
particularly in Khartoum State, due to  the increase in consumption of 
milk by the fastly growing population but spread of brucellosis hampers 
efforts of investors.  
Aims of the study : 
The objectives of this study were: 
1\To determine the prevalence of brucellosis in dairy farms in Khartoum 
State and the factors responsible for its spreads. 
2\To compare the results of RBPT using antigens prepared locally with 
those using a standardized imported antigen and the sensitivity of RBPT 
with those of indirect and competitive ELISAs in detecting the disease. 
3\To isolate and characterize Brucella species associated with the disease. 
4\To recommend control measures based on the results of the above 
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Chapter One 
Literature review 
1.1\ The Genus Brucella 
According to Bergy’s Manual (1984) species of the genus Brucella 
are small, non motile, non sporing, Gram-negative, cocci, coccobacilli or 
short rods. (0.5-0.7 micrometer), aerobic, carboxyphilic, catalase positive, 
oxidase positive and usually reduce nitrates. They produce  H2 S and 
hydrolse urea to avariable extent. They don’t produce indole, Liquefy 
gelatin, lyse blood, produce acetyl methyl carbonyl, or utilize citrate. 
They give negative methyl red reaction, and don’t change litmus or may 
render it alkaline. Their optimum growth temperature is 37 C but can 
grow at a range of 20 - 40 C. Their optimum pH for growth is between 
6.6 -7.4. They are Intracellular parasites producing characteristic 
infections in animals, but are transmissible to man. 
1-1.1\ Classification and typing of genus Brucella: 
  The present system of taxonomy for the genus Brucella is based on 
recommendations made by the subcommittee on the taxonomy of 
Brucella of the international committee on bacteriological nomenclature 
in 1963 and subsequently extended in later reports (1975, 1982 and 
1984). This scheme was devised to eliminate problems that arose in the 
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identification of the original species, B. melitensis, B. abortus and B. suis 
when these were typed by the conventional procedures involving 
examination of CO2 requirement, H2S production, dye sensitivity and 
agglutination reactions with monospecific antisera (Alton et. al., 1988). 
Currently, phage lyses and / or oxidative metabolism tests are used for the 
differentiation of the species (Corbel, 1983) whenever possible, 
identification should be carried out down to the biovar level as the 
biovars often follow particular geographical distribution and can provide 
epidemiologically important information (Luch singer, et. al., 1973).  The 
genus Brucella is divided into 7 species. 
1\ Brucella abortus (B. abortus): 
This species primarily infects cattle and other bovidae, man, wild 
life, fowls, donkeys, water duck and others. The species contains 7 
biovars (Corbel and Hendry, 1983). 
2\ B. melitensis: 
The organism is enzootic in sheep and goats but it infects cattle, 
camels, man and wildlife (Nicoletti, 1980). The species causes a very 
severe infection in man. There are 3 biovars in the species, 1, 2 and 3, 
they all infect the primary and secondary hosts (Nielson, 1966). 
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3\ B. suis : 
This species contains 5 biovars; 1, 2 and  3 infect swine, biovar 2 
infects hares and biovar 4 infects reindeer. Biovar 5 occurs naturally in 
murine and cricetine rodents. All biovars can infect man. (Nielson and 
Duncan, 1990)  
Cattle are resistance to generalized infection with B. suis but the 
organism may localize in the udder and become excreted in milk and 
causes infection to man (Nielson and Duncan, 1990). 
4\ B. neotomae : 
This species has no biovars. It is pathogenic to desert wood rat 
(Neotamae Lepida) only. 
5\ B. ovis : 
  This species has no biovars. It is pathogenic for sheep but 
can infect goats experimentally and it can cause abortion in ewes. (Corbel 
and Hendry, 1983). 
6\ B. Canis :            
This species has no biovars. It is highly specific to dogs and has 
low virulence to man. It causes abortion in bitches and epididymitis, 
testicular atrophy and infertility in males (Carmichael, 1968).  
7\ B  Maris : 
  It infects sea mammals and is communicable to man This species 
was isolated recently in 1994 from marine animals (GodFruid, 2003). 
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DNA-DNA hyberidization studies have shown that only one species B. 
melitensis exists in the genus and the other species are actually biovars 
(Verger, et. al. 1985). 
B. abortus, B. melitensis, B. suis and B. neotomae occor in smooth phases 
especially on primary isolation. While B. ovis and B. canis occur in rough 
forms.  
Genetically determined variations in the properties of Brucella 
cultures occur quite frequently. Those include changes from the smooth 
to the rough colonial phase, loss of CO2 requirement or loss of H2S 
production, changes in sensitivity to lyses by phage, or resistance to 
dayes and antibiotics. (Meyer, 1976). The DNA prepared from B. 
abortus, B. melitensis, B. suis, B. neotomae, B. ovis and B. canis contains 
56-58 mol% G+C. Members of the genus Brucella lack homology with 
other microorganisms having similar guanine-plus-cytosine ratios like 
Escherichia coli, Agrobacterium tumefactions and the phenotypically 
similar species francisella tularensis and Bordetella bronchiseptica 
(WHO, 1986). 
 
1-1.2\ Resistance and survival properties: 
       Under appropriate conditions Brucella organisms can survive in the 
enviroment for very long periods, compared with most other groups of 
non-sporing pathogenic bacteria. The organisms can survive in soil, and 
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in dead infected fetal material for many weeks or even longer. They 
survive drying especially in protein containing media.   
 They    have    been    isolated    from   butter,    cheese    and    ice-
cream   prepared    from    infected    milk.    They    survive    in    carcass  
meat and remain viable    for    several    weeks    after   refrigeration 
(FAO, WHO, 1985). The organism is sensitive to heat and is killed by 
pasteurization or by exposure to 60C for 30 minutes, also very sensitive 
to direct sun light and moderate or sensitive to acid, so they die in sour 
milk and in cheese that has undergone lactic acid fermentation. They are 
likely to be destroyed by the acid secretions of the stomach. They are 
readily killed by UV or Gamma rays.  
They are killed by most disinfections such as phenol, 
formaldelyhyde solution and calcium Cyanamid at certain concentrations, 
and in optimum temperature (FAO / WHO, 1985). 
1.2\ Brucellosis : 
1-2.1\ Definition: 
 It is contagious bacterial disease of animals, which is transmitted to man 
(Carpenter and Huubbart, 1963). 
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1-2.2\ Modes of infection and transmission of 
brucellosis: 
The common route of infection with brucellosis is through the 
mucous membranes of orpharynx, respiratory and digestive tracts, 
conjunctiva and genital tracts (Buxton and Fraser, 1977).The main source 
of infection of animals is the vaginal excretion. The organism causes 
abortion in pregnant animals and is shed out with fetal membranes, the 
fluids of the uterus, vagina and fetus. (Nicoletti, 1984). 
Man can get brucellosis from infected animals. People who come 
in contact with tissues or body fluids of animals which are infected with 
Brucella organisms like Veterinarians and workers in slaughter house. 
Persons who consume raw milk and its products and those exposed to live 
vaccine are at high risk for brucellosis. 
  Infection from person – to – person is extremely rare . But mother 
may carry the infection to their infants while breast feeding. Also 
transmission may occur via contaminated tissue transplantation and 
through cuts and erosions in skins. Sexual transmission was also reported 
(WHO, 1986). 
Brucella produces a generalized infection with a bactermic phase 
followed by localization in reproductive organs and reticuloendotheial 
system, kidneys and lymph nodes. Non-pregnant animals exposed to 
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small numbers of organisms may develop self limiting, immunizing 
infections or they may become latent carries. In males the organism is 
localized in testis, epididymis and accessory sex organs, thus shedding 
the organisms in semen. Infection may result in infertility (Nicoletti, 
1984). 
1-2.3\ Bovine Brucellosis : 
Bovine brucellosis is usually caused by Brucella abortus but it may 
also be caused by B. melitensis and rarely by B. suis (OIE, 2000). The 
disease causes several clinical manifestations which could vary from one 
animal to another, these are abortion with excretion of the organisms in 
uterine discharge and in milk, weak or stillbirths, long calving intervals, 
retention of placenta, arthritis, orchitis, hygromas, epididymitis and 
inflammation of udder (Blood, et. al. 1989).  
1-2.4\ Pathogenesis and transmission: 
Infection with Brucella organism produces a generalized infection 
with bacterimic phase followed by localization in reproductive organs. 
There is a rapid multiplication of the bacteria during the second and third 
term of pregnancy and excretion of the organism in large numbers. 
Abortion may take place at 5 – 8 months of pregnancy. Few animals abort 
more than once and may show no symptoms. After abortion vaginal 
excretion may continue for up to 15 days (Nicoletti, 1984). 
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The persistency of the organism in udder causes little udder 
inflammation. (Nicoletti, 1984). Excretion of the organism in milk is 
constant or intermittent and number of excreted bacteria varies greatly 
(Morgan, 1978) In the male, localization in the testis, epididymis, and 
accessory sex organ is common, and organism may be shed in the semen, 
this may result in infertility, but it is not major route of transmission to 
cows (FAO / WHO, 1985).   
Calves may acquire infection in uterus or by ingestion of 
contaminated milk or vaginal discharges  (Nicoletti, 1984). 
Latent carries are heifer calves which were infected at early life 
and they do not show infection during the first pregnancy. Some factors 
were suggested to influence latent infection such as severity of infection 
in the dam, number of organisms in the milk, antibody content, time of 
weaning, and vaccine administration (WHO, 1986). 
Incubation period of brucellosis varies from few months to 252 
days . The incubation period is affected by several factors such as 
gestation , exposure dose and other  unknown  host – resistant influences 
(Nicoetti, 1980). 
1-2.5\ Epidemiology :   
Bovine brucellosis is distributed throughout the world except for 
the growing number of countries where eradication has been achieved. 
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Expansion of animal industries and urbanization in developing countries 
and lack of appropriate hygieneic measures in animal husbandry are the 
main causes of the spread of brucellosis ( FAO / WHO, 1985 ) .  
In countries where cattle , goats and sheep share the same area of 
grazing land , bovine brucellosis due to B. melitensis was reported, (FAO 
/ WHO, 1985). Here cattle shedding B. melitensis in the milk constitute a 
serious public health problem. Susceptibility to brucellosis increases 
when the herd size increases, in spite of hygieneic or other control 
measures. The disease can be widely spread by infected semen used for 
artificial insemination . (Nicoletti, 1984 ) .  
1-2.6\ Diagnosis : 
There are two approaches for diagnosis of brucellosis in man and 
animals; bacteriological and serological.  
1-2-6.1\ Bacteriological diagnosis: 
1-2-6-1.1\ Isolation of the causative organism:            
This is definite diagnosis and it is necessary for confirmatory 
purposes. But isolation is usually long, cumbersome and expensive. 
Suspected material such as placenta, cotyledons, vaginal discharges, fetal 
lung, liver and abomsal contents, hygroma fluid and samples of tissues 
collected at postmortem such as mammary glands, and internal ilaic 
lymph nodes from female. Testis, epididymis, seminal vesicles, accessory 
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glands, external inguinal and internal iliac lymph nodes from males are 
used for isolation of Brucella organisms (Alton and Jones, 1988). 
Cultures are usually made on solid medium such as serum dextrose agar 
(SDA), trypticase soy agar (TSA) and Blood Agar (BA). Culture of milk 
and colostrum can also be carried out in liquid medium like serum – 
dextrose broth and tryptone soya broth. Most strains require complex 
media containing several amino acids. Growth is improved by addition of 
serum or blood (Corbel, et. al., 1997).  
The optimum temperature for growth is 37 C and optimum pH is 
6.6 – 7.4. Brucella  are slow growing and fastidious organisms. Colonies 
are between 0.5 and 1 mm in diameter, raised, convex and with an entire 
edge. They have a smooth shiny surface and appear to have pale honey 
colors by transmitted light, but in reflected light they appear bluish grey. 
1-2-6-1.2\  Guinea pig inoculation : 
 
This method is more successful than direct culture especially from 
contaminated material. Inoculations are made intramuscularly and guinea 
pigs are killed 4-5 weeks after inoculation and their sera subjected to five 
tube agglutination tests. Recovery of the organism from the spleen of 
guinea pigs or positive SAT at  1/10 or over are taken as evidence of 
infection ( Morgan, 1978 ) . 
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1-2-6-1.3\  Polymerase chain reaction ( PCR ) : 
Infection with Brucella can be proved by examination of suspected 
material using specific primers and  PCR  machine. The organism can be 
identified to species and biovar levels. 
1-2-6.2\ Serological diagnosis : 
Serology is used for examination of large numbers of samples and 
in control programmes (Stack and MacMillan, 2003). For serological 
diagnosis body fluids such as sera, hygroma fluids, milk, vaginal 
discharges, semen and muscle juices are used. There are many serological 
tests, used for diagnosis of brucellosis and each has its advantages and 
disadvantages. 
1-2-6-2.1\ Rose Bengal Plate Test (RBPT) :  
This test is simple, cheep and quick. It is used for screening of 
brucellosis in all animal species and man (Morgan et, al, 1969). The test 
is more sensitive but less specific. False negative reaction may occur and 
can be detected by retesting animals at internals over a period of at least 3 
months. Positive samples are subjected to complement fixation test (CFT) 
and enzyme linked immuno sorbent assay (ELISA) because these tests 
are very sensitive in vaccinated animals (OIE, 2002). 
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1-2-6-2.2\ Serum Agglutination Test (SAT): 
This test is not sensitive in early and late stages of Brucella 
infection. Stack and MacMillan (2003) stated that the test is 
unsatisfactory for detection of bovine brucellosis. It is used for 
measurement of antibody levels in international units (i.u./ml) for export 
purposes and comparative reasons. 
1-2-6-2.3\ Complement Fixation Test (CFT): 
The test is an accurate serological test for bovine brucellosis and it 
is used for confirming the result of RBPT and SAT (Morgan, et. al. 
1978). It needs laboratory facilities, adequately trained staff for accurate 
titration, and long time to perform. It can not differentiate between 
antibodies due to vaccination from those due to infection and often shows 
anticomplementary and prozone reactions (Dohoo, et. al. 1986). 
1-2-6-2.4\ Fluorescence Polarization Assay (FPA): 
It is a very rapid and a simple technique for measuring antigen 
antibody interaction and it may be performed in the laboratory or in the 
field. (OIE Manual, 2000). 
1-2-6-2.5\ Milk Ring Test (MRT): 
It is used as screening test for brucellosis. In lactating cattle in 
large herds over 100 cows the sensitively of the test becomes less 
reliable. False positive reactions occur in recently vaccinated cattle or in 
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samples containing abnormal milk, such as colostrum or that due to 
mastitis (OIE, 2000). 
The test is not suitable for sheep and goats as ring formation does 
not readily occur (WHO, 1992). It is  not suitable for camels milk 
because of it is viscosity. Musa (1995) used bovine milk negative for 
brucellosis to supplement camel’s milk for the test. 
1-2-6-2.6\ Whey agglutination test: 
It is a tube test preformed using whey milk. It is used when there 
are problems in the herds because it is less affected by non specific 
factors. The test is less sensitive than MRT. (Morgan et. al., 1978).  
1-2-6-2.7\ Allergic skin test : 
It is known as Brucella skin test. It has a very high specificity and 
serelogically negative animals that are positive reactors to brucellin test 
should be regarded as infected. It can be used for sheep, goats, and pigs. 
In cattle the test could be used to confirm or correct the results of 
conventional serological tests. 
1-2-6-2.8\ Enzyme Linked Immunosorbent Assay 
(ELISA): 
ELISA is a highly sensitive serological test (Nielson et. al, 1988). 
In brucellosis diagnosis, two different ELISA tests are in use. 
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1-2-6-2-8.1\ Indirect Enzyme Linked Immuno 
Sorbent Assay (iELISA) : 
I iELISA is used for detection and / or titration of specific antibodies 
from serum samples. After addition and incubation of antigen, the plates 
are washed to get rid of free antigen. Bound antibodies are then detected 
with a single dilution of anti-species antibody conjugated to an enzyme. 
The amount of specific antibodies binding to the antigen are 
quantified after addition of colour development reagents (Saravi, et. al. 
1995). The test uses smooth lipopolysyecharide antigen. It is a highly 
sensitive test, but it cannot differentiate between vaccinal and field 
infection antibodies, therefore the iELISA is considered more as 
screening test than confirmatory test (Wright and Nielson,1988). 
1-2-6-2-8.2\ Competitive Enzyme Linked Immuno 
Sorbent Assay (cELISA) : 
In this test antibrucella antibodies are used (Brew, and Stack, 
1992). The test has a higher specificity than iELISA. It is capable of 
eliminating most reactions due to residual antibody produced in response 
to vaccination with B. abortus strain 19 (OIE, 2000). 
The test can detect animals at an early stages of infection and it 
could be used for poor quality serum samples (Stack and MacMillan, 
2003). 
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1-2-6-2-8.3\ Milk Enzyme Linked Immunosorbent 
Assay (mELISA): 
This test is performed like iELISA at milk dilution of 1/2. It is 
more sensitive than conventional MRT. (OIE, 2000). 
1-2.7\ Control of Bovine Brucellosis : 
1-2-7.1\ Elimination by test and slaughter: 
 According to who export committee on Brucellosis (1986) 
elimination by test and slaughter is carried out only in small farms under 
closed system. Under those conditions the main procedures been more 
standardized as follows : 
All cattle females and bulls 1 year old and above, are bled and the 
serum is tested serologically, any reactors found are removed and the 
herd retested after 30 – 60days. When any reactors are found they are 
removed and herd retested after 6 month. If no reactors are found the herd 
accepted as brucellosis-free. Reactors should be removed from the herd 
immediately and slaughtered.  
In area where herds are large and the system of husbandry are open 
the test and slaughter may be impossible (WHO, 1986).  
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1-2-7.2\ Vaccination: 
1-2-7-2.1\ Brucella abortus strain (S19) vaccine: 
 Buck (1930) found that the best immunity against bovine 
brucellosis is by using S19 vaccine. 
It is a live vaccine which induces good immunity to a moderate 
challenge by virulent organisms (Thornton, 1972). Calves between 3 and 
6 months are usually vaccinated but the upper limit can be extended to 8 
months. The vaccine is usually administrated subcutaneously or 
conjunctively (Buck, 1930). Full dose of S19 vaccine is considered to 
give long lasting immunity and subsequent doses are not recommended. 
Vaccination by the conjunctival route produces less durable immunity 
and repeated doses may be needed, but this can lead to antibody 
responses that may interfere with serological tests (OIE, 2000). The 
vaccine is now prohibited in USA and some other countries, because a 
new non agglutinogenic vaccine prepared from B. abortus RB 51 strain 
was introduced (Plamer; Olsen and Cheville, 1995). 
1-2-7-2.2\ B. abortus strain RB 51 vaccine : 
Since 1996, B. abortus strain RB 51 has become the official USA 
vaccine for prevention of brucellosis in cattle. Calves between the ages of 
4 – 12 months are vaccinated subcutaneously. B. abortus strain RB51 
induces stronger immunity in cattle than B. abortus S19 (OIE, 2000). 
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The vaccine can be administered multiple times if desired without 
inducing antibodies reactive in any serological test using whole cells or 
smooth LPS as antigen. 
Although experimental work has demonstrated that B. abortus 
strain RB51 vaccination of pregnant cattle dose not induce abortion, 
vaccination of pregnant cattle should be avoided (OIE, 2000).  
1-2.8\ The situation of brucellosis in the Sudan : 
In the Sudan brucellosis was first reported in (1904) in a patient at 
Barber (Haseeb 1950) but the first isolation from a human patient in 
Khartoum State was by Erwa in 1966 and the isolate was B.abortus.  
Since then many cases of human brucellosis were reported from many 
parts of Sudan. Most of those reported cases had not been a result of a 
survey but cases of patients who went to hospitals (Dafalla, 1962). 
In animals Bennet (1943) isolated B. abortus for the first time from 
a cow in Khartoum. In Western Sudan Dafalla and Khan (1958) reported 
the disease in Elobied dairy farm and among nomadic Arab cattle in Nuba 
Mountains. In Eastern Sudan Mustafa and Nur (1968) reported many 
cases in Kassala. In wadi Halfa, Northern Sudan, Abdulla (1966) reported 
the disease in cattle, sheep and Goats. Mustafa and Hassan (1969) 
reported the disease in kenana cattle in Blue Nile. Elwali et . al. (1983) 
reported the disease in cattle in Southern Darfur.  
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Musa, Jahans and Fadalla (1990) reviewed the situation of 
brucellosis in Western Sudan and reported the prevalence of the disease 
in man, cattle, camels, sheep and goats, and found a high prevalence rate 
in cattle kept under intensive farming systems and under nomadic 
conditions in Darfur. The highest  prevalence in dairy cattle in the Sudan 
was reported in areas where cattle, sheep and goats are kept closely 
together (Dafalla and Khan, 1958). 
 In camels the incidence of brucellosis was first reported by 
Mustafa and Awad Elkarim (1971). Abu Damir et al ( 1984 ) reported 
camel brucellosis in Eastern , Central and Western Sudan. The species of 
genus Brucella which were associated with the disease in the Sudan were 
B. abortus and B. melitensis. 
Although brucellosis is a serious zoonotic disease affecting people 
health and animal production, control programmes received little 
attention from the policymakers and livestock owners. Many human cases 
were misdiagnosed as pyrexia of unknown origin. 
Many investigators were able to isolate B. abortus in Sudan. 
Bennet (1943) in Khartoum State, Dafalla (1962) in Joba area, Khan 
(1956) in fung area, Shigidi and Razing (1973) from knee hygroma of a 
bull in Khartoum. Ibrahim (1974) from cows milk in Kordofan and 
western Sudan. Khalafalla, Dafalla and Bakhit. (1987) isolated 23 B. 
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abortus strains from bovine hygroma and milk in Kordofan.                
Musa, Jahans and Fadalla, (1990) isolated 41 B. abortus strains from 
nomadic cattle in Southern Darfur, Western Sudan. The biovar which 
were typed were biovar 6 (Musa,Jahans and Fadalla, 1990) and biovar 3 
(Agab, et al, 1995). 
The prevalence of brucellosis was found as follows: 
In Khartoum State : Bennel (1943) reported a prevalence rate of  80% in 
Frisian cattle and 37% in local breeds. Habiballa, Bagadi and El Nasri 
(1977) reported 0.4% in local breeds and 11% in crosses. Osman and 
Adlan (1986) reported 4%. Khalafalla, Dafalla and Bakheet (1987) 
reported 11% in local breads and 14% in crosses. 
Northern region : Abdalla (1966) reported a prevalence rate of 3% in 
Wadi Halfa and Habiballa (1977) reported a prevalence rate of 7%. 
Centeral region: Dafalla (1962) reported a prevalence rate of 11% 
Mustafa and Hassan (1969) reported 8% Habiballa (1977) reported 7% in 
Blue Nile and 3.6% in Gezira area. Bakhit (1981) reported a prevalence 
rate of 1.2% in local breeds and 22.5% in crosses. Shallali (1982) 
reported 8.9% in local breeds. Osman and Adlan (1986) reported 6.8 in 
Blue Nile and 5.4% in Nishishiba. Khalafalla et. al. (1987) reported 16% 
in crosses. 
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Southern region: El Nasri (1960) reported a prevalence rate of 16% 
Dafalla (1962) reported 32.9% in Malakal, 17.9% in Bahar El Ghazal and 
53% in Juba. 
Eastern region: Mustafa and Nur 1968 reported a prevalence rate of 1.1% 
in Gash and 5.5% in Toker. And Habiballa (1977) reported a prevalence 
rate of 14.4% in Kassala. 
Kordofan Region: 
Dafalla and Khan, (1958) reported prevalence rate of 15% in El 
Obied. Ibrahim and Habiballa, (1975) reported prevalence rate or 14% in 
Baggera Nomedic cattle. Habiballa, (1977), reported prevalence rat of 
2.8% in El Obied. Khalafalla et al, (1987), reported prevalence rate of 2% 
in El Obied. 
Darfur Region: 
EL wali et. al, 1983, reported prevalence rate of 10.5% in Nomadic 
head. Khalafalla; Dafalla and Bakhiet, (1987), reported  the prevalence 
rate of 5.9% in Darfur cattle. Musa, et al, (1988) reported the prevalence 
rate of 14.9 to 29.5% in Darfur. 
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Chapter Two 
Materials and Methods 
2-1\ Collection of samples : 
Blood for serum samples, milk and vaginal discharges were 
collected from 1417cattle in 46 different dairy farms in Khartoum State. 
Each farm contained between 10 to over 50 cows. The animals were 
either crosses of Fresian and Kenana or were pure Kenana and Butana 
types and aged between 1 – 8 years. The farms were located in Hilt Kuku, 
Elsalma, Elgereif Sharg, Kadaro, Soba, Jabal Ewlia, Elgereif Garab, 
Elgezeira Slang and Id Babiker. A questionnaire showing serial number, 
owner name, locality, type of the animal sampled, its age, sex, history 
pertinent to brucellosis and status of vaccination against the disease was 
distributed for collection of samples. 
2-1.1\ Serum samples: 
Blood from 1115 cattle was collected from the jugular vein for sera 
using  vacutioner tubes. Sera were separated by centrifugation then stored 
at –20C in a deep freezer till needed for examination. 
2-1.2\ Milk samples: 
Three hundred milk samples were collected from 12 dairy farms. 
The samples were collected in sterile bijou bottles, kept in an ice box, 
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transported to the laboratory and stored in a deep freezer at-200C for at 
least 1 week until required for examination. 
2-1.3/ Samples for Culture : 
Two samples of uterine discharges from two aborted cows in 
Elsalma area were collected in two separate sterile bottles, put in an ice 
and transported to the laboratory. Smears were then prepared from each 
sample stained by modified Ziehl Neelsen's (m.Z.N.) stain and examined 
for partially acid fast organisms. Samples found positive in the stained 
smears were cultured on potato agar plates. The plates were put in a 
candle jar and incubated at 37C and examined daily for 7 days. Colonies 
which resembled those of Brucella organisms were used for preparation 
of smears which were stained with m.Z.N. stain. Organisms which 
appeared pink were presumed to be Brucella organisms. They were 
confirmed for their identity biochemically and sent to Veterinary 
Laboratories Agencies (VLA), U. K. for identification to species and 
biovars levels using the methods of Corbel and Hendry (1983).  
2-2/Serological diagnosis of brucellosis : 
2-2.1/ RBPT: 
Serum samples were screened for brucellosis by the RBPT using 
locally prepared antigen prepared by the methods of Morgan et.a.l 
(1978). Thirty µl of serum samples were mixed with equal volumes of the 
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antigen on an enamel plate. The mixtures were rocked manually gently 
for 4 minutes at the ambient temperature and then observed for 
agglutination. Any visible reaction was considered positive. Serum 
samples positive to BRPT were classified into four categories: 
Very strong positive : Where the agglutination was very rapid and large 
clumbs occurred leaving only a clear watery fluid. 
Strong positive: When agglutination was fairly visible. 
Moderate positive : When the agglutination appeared prominently in the 
periphery of the antigen and antibody mixture forming a rim. 
Weak positive: When very weak fine agglutination occurred which could 
be hardly seen by unaided eyes.  
All serum samples were re-examined by standardized RBPT 
antigen supplied by the VLA, U. K. 
2-2.2\ SAT: 
Serum samples found positive by the RBPT were re-tested by SAT 
for measurement of antibody levels in international units (i.u.) as 
described by Morgan et al (1978). The antigen was supplied by VLA, 
New Haw, U. K. 
Serum samples were diluted 1/5 initially then as two fold dilutions 
thereafter i.e 1/5, 1/10, 1/20 ect. Using phenol saline as a diluent. 
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2-2.3\ iELISA: 
All serum samples were examined by iELISA. 
Reagents for iELISA:  
Ths reagent include :  
- Diluting Buffer. 
- Washing Solution : Na2 HPO4 -Tween 20. 
- Conjugate. 
- Substrate Buffer : Tablest pH3.9 to 4.4. 
- Chromogen : ABTS tablest. 
- Substrat : Hydrogen peroxide. 
- Stoping Solution : Sodium Azide (0.5M). 
- Control : Positive serum and negative serum. 
- PH papers : Range: 3.8 to 5.5 and 6.o to 8.1. 
The reagents were prepared using the manual supplied with the kits as 
follows. 
1\ Diluting buffer: It was prepared by adding  tablets of Phosphate buffer 
saline (PBS), 0.5ml phenol red indicator and 250 µL tween20 to 500ml 
distilled water. pH was adjusted between 7.5 and 7.6. The buffer was 
stored at 4C. 
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2\ Washing solution: The washing solution was prepared by adding the 
contents of an ampoule of Na2 HPO4 and 1 ml of tween20 to 10  liters of 
distilled water. The solution was stored at room temperature till needed. 
3\ Substrate buffer: This buffer was prepared by dissolving 1 tablet in 120 
ml of distilled water. The pH was adjusted to be between 3.9 and 4.4 and 
stored at 4C. 
4\ Chromogen: The chromogen was prepared by dissolving 2 ABTS 
tablets in 1 ml of sterile water. It was stored in the dark at 4C. 
5\ Stopping solution :This solution was prepared by diluting the contents 
of an ampoule of sodium azide with 500 ml of distilled water and stored 
at room temperature. 
6\ Controls : Control samples included in the kit were reconstituted with 1 
ml sterile distilled water and stored at 4C. 
The test was preformed as follows: 
1\ Primary dilutions of 1 / 40 of all test and control sera were done by 
adding 25 µl of serum to 1 ml of diluting buffer. 
2\ The plates were prepared by adding 80 µl of diluting buffer to all 
wells. 
3\ 20 µl amounts of each of the primary diluted samples were added to all 
precoated wells, to make a final dilution of 1 /200. Columns 11 and 12 of 
the plate were left for the serum controls. 
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4\Then 20 µl amount of the primary diluted positive control serum was 
added to each well in column 11. 
5\ Then 20 µl amount of the primary diluted negative control serum was 
added to each well in column 12 except column 12H which had no 
samples added as it was used to blank the plate. 
6\ Each test plate was covered with a provided lid, and incubated at room 
temperature for 30 minutes on a rotary shaker. 
7\ The contents of each plate were shaken out of the plate and rinsed five 
times with washing solution and thoroughly dried by tapping the plate on 
an absorbent paper towel. 
8\ For each test the conjugate solution was prepared by diluting it to its 
working strength with diluting buffer as instructed on the ampoule lable 
and 100 µl amounts of the conjugate were added to all wells.The plates 
were covered with lids and incubated at room temperature for 30 minutes 
on a rotary shaker and washed similarly as above. 
9\ A microplate reader was switched on whenever needed for reading the 
test result, and allowed to stabilize for 10 minutes. 
10\ Immediately before use the substrate solution was prepared by adding 
300µl of ABTS chromogen to 12ml of substrate buffer plus 60 µl of 
substrate (hydrogen peroxide) it was mixed well and 100 µl of the 
solution added to each well.    
11\ The plate was left at room temperature for about 15 minutes. 
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12\ The reaction was slowed by addition of  100 µ of stopping solution to 
each well. 
13\ Condensation was removed from the bottom of each test plate with 
absorbent paper towel and the plate was read at 405nm blanked on well 
H12.  
• Colour development within a well indicated that the sample tested 
has antibodies to Brucella. 
• A positive / negative cut off was calculated as 10% of the mean of 
the optical density (OD) of the positive control wells. 
• Any sample which gave an (OD) equal to or above the value was 
considered positive. 
Evalution of the test results : 
The test results of each plate were evaluated by checking the 
following values. 
The Binding Ratio = Mean OD of 8 positive control wells. 
                        Mean OD of 7 negative control wells. 
• The Binding Ratio should be greater than or equal to 10. 
• The OD of the Blank well or the mean OD of the 7 negative 
control wells must be less than 0.100.  
• The mean OD of the 8 positived wells must be greater than 0.700. 
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•  Any plate results which did not comply with the above values 
were rejected and samples reexamined.  
• Results of the iELISA were compared with those of the RBPT. 
2-2.4\ cELISA  : 
All samples positive for RBPT were reexamined by cELISA to 
evaluate the specificity and sensitivity of the former test and to compare 
the results with those of iELISA. Kits supplied by VAL, U.K. contained 
microtiter plates precoated with Brucella LPS antigen and reagents for the 
test. 
Reagents for cELISA were :  
- Diluting buffer : 
- Washing solution   Na2  HpO4 +Tween 20. 
- Conjugate.  
- Chromogen OPD tablets. 
- Substrate (Urea Hydrogen peroxide tablets). 
- Stopping solution (citric Acid).  
- Control (positive and Negative serum samples).    
The reagents  were prepared using the manual supplied with the kits as 
follows:  
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1\ Diluting buffer: Diluting buffer was prepared by adding five tablets of  
PBS, 0.5 ml  Phenol red indicator and 250 ml of tween20 to 500 ml 
distilled water . The pH was adjusted between 7.2 and 7.6. 
 2\ Washing Solution : The washing solution was prepared by adding the 
contents of the ampoule of Na2 HPO4 and 1ml or tween20 to 10 liters of 
distilled water and stored at 4C. 
3\ Conjugate : It was prepared by adding  11 ml or diluting buffer to the 
contents of the ampoule . 
4\ Stopping solution : This solution was prepared by adding the contents 
of the ampoule of citric acid to 38ml of distilled water , and stored at 4C . 
5\ Controls : Each of the positive and negative control samples included 
in the Kits were reconstituted with  1 ml sterile distilled water , allowed 
to stand until an even suspension was obtained and stored in refrigerator 
till use .  
The test was performed as follows:  
1. First 20 µl of each test serum was added to each well except wells 
in columns  11 and  12  which were left for controls .  
2.  Then 20 µl or negative control serum was added to each well from 
A11 , A12, B11, B12, C11 to C12 .  
3. Then 20 µl amounts of positive control were added to each well 
from F11, F12, G11, G12, H11 and H12 .  
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4. The remaining wells had no serum added and acted as the 
conjugate controls .  
5. Then 100 µl of the prepared conjugate solution was added  
immedidely to each well which gave a final serum dilution of 1/6.  
6. The plates were shaken on microtiter plate shaker , for 2 minutes in 
order to mix the serum and conjugate solution .  
7. Each plate was covered with the lid and incubated at room 
temperature for 30 minutes on a rotary shaker at 160 Rev /min .  
8. The contents of the plate were shacked out and rinsed five times 
with washing solution and then dried by tapping on an absorbent 
paper towel .  
9. The microplate reader was switched and allowed to stabilized for 
10 minutes .  
10. The substrate and chromogen solutions were prepared by dissolving 
one tablet of urea H2 O2 in 12 ml of distilled water, the OPD tablet 
added and mixed thoroughly, then  100µl ml amount or this solution 
were added to all wells .  
11. Amounts of 100ml of stopping solution were added to all wells to 
slow the reaction .  
12. Condensation on the bottom or the plate were removed by absorbent 
paper towel . Then the plates were read at 450 nm .  
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• The lack of colour development indicated that the sample tested 
was positive. 
• A positive, negative cut off was calculated as 60% of the mean of 
the optical density OD of the 4 conjugate control wells. 
• Any test sample that gave an OD equal to or below that value was 
regarded as positive. 
Evaluation of test results: 
• The test results of each plate were evaluated by checking the 
following values . 
• Binding Ratio = Mean of 6 negative control wells. 
       Mean of 6 positive control wells. 
• The binding ratio must be greater than 10. 
• The mean OD of 6 negative control wells must be greater than 
0.700. 
• The mean OD of 6 positive control wells must be less than 0.100. 
• The mean OD of the 4 conjugate control wells must be greater than 
0.700. 
• Any plate tests results which did not comply with the above values 
were rejected and samples reexamined. 
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2-2.5\ Milk Ring Test (MRT): 
Milk samples were tested according to Morgan (1970) using 
standardized antigen supplied by VLA, U. K.  
The test was performed by adding 0.03ml of stained MRT antigen 
to 1 ml of milk. Both were mixed well and incubated at 37C for 1 hour 
and the test read for ring formation and the result interpreted to positive 
or negative according to the same author above. 
Some milk samples were reexamined by Milk ELISA (mELISA), 
an iELISA for milk samples. 
2-2.6\ mELISA: 
The test was performed using iELISA kit for detection of 
antibodies against Brucella in milk samples according to the instructions 
of the suppliers, the VLA. The kit contained microtiter plates coated with 
Brucella LPS antigen and the following reagents: 
- Diluting Buffer, Five tablets of (PBC) + one ampoule of phenol 
Red indicator (1 ml) + an ampoule of tween 20 (2 ml).  
- Washing solution (an ampoule of 0.14g of Na2 HPO4 + Tween 20). 
- Conjugate.  
- Substrate buffer (2 tablets pH 3.9 – 4.4). 
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- Chromogen  2 X 10mg ABTS.  
- Tablets Substrate (2 X 500 µl Hydrogen peroxide). 
- Stopping solution an ampoule of sodium azide.  
- Controls (1 ml ampoule of positive milk control + 1 ml ampoule of 
medium milk control + 1 ml ampoule of negative milk control, pH 
papers (Ranged between 3.8 and 5.5 and 6.0 and 8.1. 
The reagents were prepared using the manual supplied with the kits as 
follows: 
1\ Diluting Buffer : This solution was prepared by adding 5 tablets of 
PBS, 0.5 ml phenol red indicator and 500 µl of Tween 20 to 500 ml 
distilled water. The pH was adjusted between 7.2 and 7.6 and stored at 
4C. 
2\ Washing Solution: This solution was prepared by adding the ampoule 
of Na2 Hpo4 and 1ml of tween20 to 10 liters of distilled water and stored 
at room temperature .  
3\ Substrate Buffer : Prepared by dissolving one tablet in 120ml of 
distilled water. pH was adjusted between 3.9 and 4.4. 
4\ Chromogen : Prepared by dissolving 2ABTS tablets in 1ml of sterile 
distilled water and stored at 4c in dark. 
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5\ Stopping solution : Prepared by diluting the contents of the ampoule of 
sodium azide with 500ml of distilled water and stored at room 
temperature .  
6\ Controls : The positive, medium and negative control samples included 
in the kit were reconstituted each with 1ml sterile distilled water .  
The test was performed as follows : 
1. The test plates were prepared by adding 50ml of diluting buffer to 
each well .  
2. Then 50 µl of milk samples were added to each well but the two 
last columns 11 and 12 were left for positive , medium and 
negative controls .  
3. Followed by 50 µl amounts of the positive control milk added to 
wells in column 11 .  
4. Volumes of 50 µl of the negative control serum were added to the 
3 wells in the last columns 12E, 12F, 12G .  
5. And 50 µl volumes of the medium control serum were added to 
wells 12A , 12B , 12C .  
6. No sample was added to the last well in the last column as it was 
used to blank the plate.  
7. Each plate was covered with lid and incubated at room temperature 
for 30 minutes on a rotary shaker .  
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8. The contents of the plate were then shaked out and rinsed several 
times with washing solution and dried by tapping thoroughly on 
absorbent paper towel .  
9. Then 100 µl of the conjugate solution was added to each well and 
the plates covered with lids .  
10. The plates were incubated at room temperature for 30 minutes on a 
rotary shaker and washed by washing solution and dried by tapping 
thoroughly on absorbent paper towel .  
11. The microplate reader was switched on for 15 minutes and allowed 
to stabilise .  
12. Then 100 µl of substrate solution was added to each well . 
13. The plates were left at room temperature for 15 minutes .  
14. Then 100 µl of stopping solution added to each well to slow the 
reaction.  
15. The plates were read at 405nm blanked on well H12 .  
• Colour development within a well indicates that the sample tested 
has antibodies to B. abortus .   
• A positive negative cut off was calculated as 10% of the mean of 
the OD of the positive control wells .  
• Any sample giving an OD equal to or above this value was 
considered positive .  
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Evaluation of the test results : 
• The test results of each plate were evaluated by checking the 
following volumes :-  
• Binding Ratio = Mean of 8 positive control wells. 
       Mean of 3 negative control wells.        
Binding Ratio must be ≥10  
• The mean OD of the blank well or the mean of the negative OD 
must be less than 0.100.  
• The mean OD of the 8 positive control wells must be greater than 
0.700 ( the optimal mean positive OD is 1.000).  
• The mean OD of the medium control was >10 % or < 30 % of the 
mean OD of the positive control ( The optimum is 20 %).  
• Any plate test results which did not comply with the above values 
were rejected and sample reexamined .  
Results of the  mELISA were compared with those of the MRT. 
2-2.7\ Culture of suspected materials: 
Vaginal discharges collected and found positive for mZ. N. were 
streaked on the potato agar plates. Plates were incubated at 37C under 
10% CO2 tension using a candle jar and examined daily for seven days 
for growth of Brucella like organisms. Smears were prepared from 
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colonies resmbling those of Brucella were stained by mZ. N. and Gram's 
stain for their identify. 
2-2-7.1\ Biochemical testes : 
2-2-7-1.1 \ Catalase activity: 
Approximately 1 ml of 3% H2 O2 solution was added to a young 
patato agar culture of Brucella like organisms for evolution of gas 
bubbles from the colonies. 
2-2-7.2\ Oxidase activity: 
A piece of filter paper in a Petri dish was soaked with drops of 
oxidase reagent. (1% tetramethyl-p-phenylenediamine ag. Solution) 
Brucella-like colonies were immediately smeared on the soaked filter 
papers and examined for development of  purple colour after few seconds 
which indicated a positive reaction of oxidase production. 
2-2-7.3\ Urease production: 
Brucella like colonies were cultured on christensen’s medium 
(buffered glucose peptone agar base containing urea and phenol red). 
Incubated under 10% CO2 at 370C for 12 hours and examined for 
development of a pink colour which indicated urease production i. e 
positive reaction. 
 
 40
2-2-7.4\ Production of hydrogen sulfide (H2 S): 
The suspected cultures were inoculated on to potato agar slopes, in 
screw capped tubes and strips of lead acetate papers were placed over the 
slopes in the tubes. The tubes were incubated at 37C under 10% CO2 
tension for 24 hours and observed for development of black colour on the 
strips which indicated a positive reaction i.e. production of H2 S. 
2-2-7.5\Characterization of Brucella isolates to species 
and biovar levels: 
Cultures tentatively identified as Brucella organisms were sent to 
the VLA, U. K. for characterization to species and biovars levels using 
the methods of Corbel and Hendary (1983). 
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Chapter Three 
Results 
No clinical signs of the disease were observed other than two cases 
of abortion. But information from the owners revealed that 32 abortions 
were reported from 21 farms, 19 stillbirths from 13 and 17 cases of 
retained placentas from 11. It was found that 18 (26%) of the aborting 
cattle , 8 (42%) of those which gave stillbirths and 11 (64%) with retained 
placentas were positive for brucellosis. 
3.1\ Dairy farms visited and cattle sampled: 
Cattle sampled were mainly crosses between Fresian and local 
Kenana or Butana types. Each farm contained between 10 – 50 animals 
except one farm  in El Bagair which contained over 1000 cattle. All farms 
used natural breeding and no artificial insemination was used. Some 
farms share breeding bulls. Cattle in most farms were fed on the ground 
(Fig.1) under poor hygienic conditions (Fig.2) and watered poor  quality  
water (Fig.3).  
No records were available about vaccination of cattle except in El 
Bagair in one modern farm from which 50 samples were collected and 
were all found negative. The system of animal husbandry were either zero 
grazing or animals were driven occasionally to common grazing areas 
(Fig.4) with other small ruminants (Fig.5) and watered from the Nile or 
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common water rescores. With the exception of one farm in El Bagair 
area, all farms were traditional farms where cattle were kept in enclosures 
fenced by steel works or by local materials (Fig.6 a&b). All animals were 
kept in the same tight enclosures, and no quarantines were available for 
isolation of diseased cases. There was no veterinary supervision and cows 
were milked by milkers except in El Bagair farm where milk machines 
were used.  
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Figure. 1: Cattle in dairy farms are often fed on the ground  
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Figure. 2: Dairy cattle are often kept under poor hygienic conditions  
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Figure. 3: Cattle in dairy farms sometimes get access to highly 
contaminated water 
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Figure. 4: Dairy cattle in Khartoum sometimes use common pastures 
and water recourses 
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Figure. 5 : Some dairy cattle in Khartoum State share pastures with 
small ruminants and cattle from different farms 
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Figure. 6 (a&b) : Shows types of housing of milking cattle in 
Khartoum State  
 
a) Keeping milking cattle in enclosures made from branches of 
thorny trees with poor shading  
 
b) Cattle in dairy farms are kept in enclosures of steel work with roof 
made from local material 
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3.2\ Results of Serological Testes: 
Results of examination 1115 serum samples using two different 
RBPT antigens and iELISA are presented in Table 1. There were 133 
(12%) positive cases using RBPT and no differences were noted between 
the results of RBPT using local antigen and the imported  one, but the 
latter gave quicker and clear reactions than the  local one. 
When the same serum samples were retested by iELISA, 173 
(15%) were found positive. Samples which were negative in RBPT but 
were positive in iELISA were reexamined by cELISA. Table 2 compares 
between the three tests.   
3.2.1\ Evaluation of RBPT, iELISA and cELISA 
results: 
Of the 133 samples positive for RBPT, 16 samples were weak 
positive (+), 32 were moderately positive (++), 46 were strong positive 
(+++) and 39 were very strong positive.  
Tables 3, 4, 5 & 6 compares the four categories of RBPT results 
with those of SAT, iELISA and cELISA. And 4 samples which were 
positive in RBPT were found negative in iELISA and cELISA.  
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iELISA and cELISA were found to be more sensitive as they gave 
stronger reactions than RBPT. cELISA was the most sensitive of the three 
tests used for screening and confirmation of the serum samples.       
The results of iELISA agreed 100% with those of cELISA          
(Table 2.) All samples which were negative in RBPT were weak positive 
in iELISA and cELISA. 
Table 7 shows the prevalence of brucellosis in male and female 
cattle. Of 156 serum samples from male examined, 12 (8%) were 
positive. Of 959 serum samples from females, 161 (16%) were positive  
Tables 8&9 shows the prevalence of brucellosis in dairy farm in 
Khartoum State. Of the 46 farms visited, 32 (68%) were found positive 
for brucellosis. Within farms the prevalence rate varied from (5%) to 
(73%) 
3.2.2\ Results of examination of serum samples using 
SAT: 
The results of SAT of positive RBPT samples are presented in 
Table 10. There were 108 (87%) samples which reacted highly positive in 
SAT, 12 (10%) moderately  positive and 9 (2%) weak positive. 
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Table 1: Results of RBPT and  iELISA test :  
No. of serum 
samples 
examined 
No. +ve by 
RBPT 1 
% No. +ve by 
RBPT 2 
% No. +ve by 
iELISA 
% 
1115 133 12% 133 12% 173 15% 
 
RBPT 1 = local antigen  
RBPT 2 = antigen imported from VLA, U. K 
iELISA  = Indirect ELISA 
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   Table 2: Results of examination of negative RBPT sera  
    with iELISA and cELISA  
Serial 
No. 
RBPT iELISA  cELISA  
  OD Cut off 
point 
 
OD Cut off 
point 
 
1 -ve 0.351 0.316 0.469 0.486 
2 -ve 0.362 " 0.476 0.498 
3 -ve 0.322 " 0.490 " 
4 -ve 0.319 " 0.549 0.556 
5 -ve 0.248 0.244 0.550 " 
6 -ve 0.249 " 0.552 " 
7 -ve 0.291 " 0.481 0.486 
8 -ve 0.249 " 0.590 0.556 
9 -ve 0.250 " 0.489 0.498 
10 -ve 0.291 0.288 0.495 " 
11 -ve 0.289 " 0.490 " 
12 -ve 0.293 " 0.488 " 
13 -ve 0.229 0.224 0.479 0.486 
14 -ve 0.261 " 0.481 " 
15 -ve 0.368 0.350 0.547 0.556 
16 -ve 0.359 " 0.552 " 
17 -ve 0.331 0.328 0.496 0.498 
18 -ve 0.333 " 0.549 0.556 
19 -ve 0.336 " 0.399 0.486 
20 -ve 0.330 " 0.551 0.556 
21 -ve 0.341 " 0.549 " 
22 -ve 0.299 0.294 0.479 0.486 
23 -ve 0.296 " 0.481 " 
24 -ve 0.298 " 0.490 0.498 
25 -ve 0.299 " 0.496 " 
26 -ve 0.291 0.286 0.489 " 
27 -ve 0.288 " 0.491 " 
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Table 2 : continued  
Serial 
No. 
RBPT iELISA  cELISA  
  OD Cut off 
point 
OD Cut off 
point 
28 -ve 0.288 0.286 0.495 0.498 
29 -ve 0.290 " 0.493 " 
30 -ve 0.288 " 0.489 " 
31 -ve 0.271 0.266 0.492 " 
32 -ve 0.265 " 0.494 " 
33 -ve 0.329 0.324 0.492 " 
34 -ve 0.324 " 0.552 0.556 
35 -ve 0.319 0.318 0.493 0.498 
36 -ve 0.318 " 0.550 0.556 
37 -ve 0.323 " 0.468 0.498 
38 -ve 0.246 0.234 0.488 " 
39 -ve 0.239 " 0.551 0.556 
40 -ve 0.237 " 0.551 " 
41 -ve 0.234 " 0.553 " 
42 -ve 0.239 " 0.498 " 
43 -ve 0.239 " 0.551 " 
44 -ve 0.321 0.318 0.499 0.492 
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Table 3: Results of examination of weak positive (+) serum samples 
in RBPT with SAT, iELISA and cELISA 
 
Serial No. SAT I. U iELISA  cELISA  
  OD Cut off 
point 
OD Cut off 
point 
1 123 0.403 0.316+ 0.432 0.556 
2 410.2 0.401 " 0.496 " 
3 205 0.398 0.244+ 0.446 0.498 
4 410.2 0.398 0.288+ 0.475 " 
5 820.5 0.397 0.244+ 0.390 0.486 
6 820.5 0.389 " 0.399 0.498 
7 984.5 0.389 0.350+ 0.439 0.556 
8 410.5 0.412 0.398+ 0.389 0.486 
9 51.5 0.317 0.286+ 0.478 0.556 
10 82.5 0.421 " 0.549 " 
11 246 0.367 0.266+ 0.496 0.498 
12 984.5 0.332 0.284+ 0.425 " 
13 820.5 0.334 " 0.497 0.556 
14 61.5 0.362 0.223+ 0.464 " 
15 102.5 0.346 " 0.462 0.486 
16 410.5 0.486 " 0.536 0.556 
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Table 4: Results of examination of moderately positive (++) serum 
samples in RBPT by SAT, iELISA and cELISA 
 
Serial No. SAT I. U iELISA  cELISA  
  OD Cut off point OD Cut off  point 
1 984.5 0.652 0.316 0.399 0.556 
2 1641 0.719 " 0.298 " 
3 1969 0.603 " 0.347 0.486 
4 820.5 0.682 " 0.318 0.498 
5 1641 0.661 " 0.393 " 
6 820.5 0.569 " 0.357 " 
7 1641 0.696 " 0.249 " 
8 1641 0.567 0.288 0.296 0.486 
9 " 0.665 " 0.294 " 
10 820.8 0.536 0.224 0.262 " 
11 1969 0.792 " 0.258 " 
12 984.5 0.629 0.350 0.282 0.556 
13 1641 0.622 " 0.324 " 
14 " 0.789 " 0.293 " 
15 36 0.341 " 0.574 " 
16 1969 0.812 0.328 0.293 0.498 
17 246 0.672 " 0.296 0.486 
18 820.5 0.641 " 0.297 " 
19 984.5 0.633 0.294 0.256 " 
20 410.5 0.596 " 0.301 " 
21 820.5 0.625 " 0.391 " 
22 36 0.202 " 0.629 0.556 
23 " 0.721 " 0.350 " 
24 1969 0.532 0.266 0.309 0.498 
25 410.5 0.667 0.284 0.329 " 
26 -ve 0.224 " 0.544 " 
27 246 0.678 " 0.312 0.556 
28 984.5 0.716 " 0.326 " 
29 820.5 0.624 0.284 0.387 0.498 
30 " 0.706 0.318 0.397 0.556 
31 31 0.262 " 0.612 " 
32 820.5 0.682 " 0.297 " 
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Table 5 : Results of examination of strong positive (+++) 
 serum samples in RBPT with SAT, iELISA and cELISA 
 
Serial No. SAT 
I. U 
iELISA  cELISA  
  OD Cut off 
point 
OD Cut off 
point 
1 3938 1.246 0.316 0.192 0.556 
2 1969 0.912 " 0.201 0.498 
3 1641 0.998 " 0.187 " 
4 1969 0.925 " 0.227 0.556 
5 1969 0.861 0.244 0.149 " 
6 3938 0.923 " 0.223 0.498 
7 1641 0.921 " 0.164 " 
8 3282 0.999 " 0.137 " 
9 3282 1.002 " 0.221 " 
10 3938 1.023 0.350 0.229 " 
11 1641 0.872 " 0.139 " 
12 3938 1.016 " 0.197 " 
13 " 1.012 " 0.137 " 
14 3282 0.995 0.328 0.206 " 
15 " 0.913 " 0.193 " 
16 " 0.942 " 0.133 0.556 
17 1641 0.899 " 0.204 " 
18 " 1.042 " 0.106 0.556 
19 " 0.981 " 0.201 0.486 
20 7876 0.997 " 0.147 0.556 
21 -ve 0.157 0.294 0.123 0.486 
22 1641 0.995 " 0.183 " 
23 " 0.921 " 0.218 " 
24 31 0.165 " 0.479 " 
25 36 0.139 " 0.461 " 
26 -ve 0.178 " 0.673 " 
27 -ve 0.186 0.286 0.743 " 
28 3938 0.982 " 0.268 " 
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   Table 5 : Continued 
 
Serial 
No. 
SAT 
I. U 
iELISA  cELISA  
  OD Cut 
off 
point 
OD Cut 
off 
point 
29 3282 0.987 0.286 0.246 0.556 
30 1641 0.982 " 0.268 0.498 
31 1969 0.997 " 0.281 " 
32 " 0.892 " 0.217 0.556 
33 2297 0.921 " 0.159 " 
34 1969 0.899 " 0.209 " 
35 3297 0.978 " 0.211 " 
36 1641 0.996 0.266 0.186 0.498 
37 3938 1.103 " 0.102 " 
38 1641 0.941 " 0.114 " 
39 3938 1.218 " 0.109 " 
40 3282 0.888 " 0.223 " 
41 984.5 1.132 " 0.101 0.556 
42 1969 0.928 " 0.201 " 
43 1641 0.892 " 0.238 0.498 
44 984.5 0.184 0.284 0.226 " 
45 1148.5 0.964 " 0.249 " 
46 1641 0.987 " 0.163 0.556 
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    Table 6 : Results of examination of very strong positive (++++) 
    serum samples in RBPT with SAT, iELISA and cELISA 
 
Serial 
No. 
SAT I. U iELISA  cELISA  
  OD Cut off 
point 
OD Cut off 
point 
1 3282 1.248 0.316 0.015 0.556 
2 3938 1.206 " 0.161 0.498 
3 3938 1.016 " 0.091 " 
4 6564 1.242 " 0.014 " 
5 12200 1.220 " 0.088 " 
6 6564 1.241 0.244 0.109 0.556 
7 1641 1.102 " 0.098 " 
8 3282 1.211 " 0.173 0.498 
9 6564 1.036 " 0.192 " 
10 3938 0.999 " 0.128 0.498 
11 1641 1.122 " 0.097 " 
12 6564 1.196 0.244 0.112 " 
13 3282 0.901 " 0.127 " 
14 6564 1.212 0.350 0.116 0.556 
15 1969 1.161 " 0.081 " 
16 6564 1.213 0.328 0.106 0.498 
17 1969 0.991 " 0.123 0.556 
18 7876 1.103 " 0.109 " 
19 1641 1.101 0.294 0.111 0.486 
20 " 1.231 " 0.182 0.498 
21 3282 1.199 " 0.097 0.556 
22 3938 1.092 0.286 0.114 0.498 
23 7876 1.091 " 0.107 " 
24 3938 1.201 " 0.152 0.556 
25 7876 1.242 " 0.116 " 
26 1641 1.222 0.266 0.134 0.498 
27 3282 1.242 " 0.107 " 
28 6564 1.261 " 0.073 " 
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Table 6 continued 
  
Serial 
No. 
SAT 
I. U 
iELISA  cELISA  
  OD Cut off 
point 
OD Cut off 
point 
29 6546 1.106 0.266 0.116 0.498 
30 4594 1.268 0.284 0.086 " 
31 3282 1.112 " 0.104 " 
32 6564 1.212 " 0.121 0.556 
33 3282 1.101 0.318 0.126 " 
34 3282 1.011 " 0.136 " 
35 " 1.022 " 0.126 0.556 
36 1641 1.086 " 0.137 " 
37 3938 1.104 0.498 0.119 " 
38 3282 1.212 0.223 0.104 " 
39 7876 1.021  0.079 " 
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Table 7 : Prevalence of brucellosis  in male and female dairy cattle :  
 
Serial 
no 
Locality No of 
farms 
Males Females Total no examined 
   No 
examined 
No +ve % No 
examined 
No +ve % No 
examined 
No +ve % 
1 Elsalam 3 19 2 10% 82 22 26% 101 24 23% 
2 Elkalakla 3 15 1 7% 74 9 12% 89 10 11% 
3 Soba 3 10 1 10% 77 12 16% 87 13 14% 
4 Elba gar 2 16 - 0 61 - 0 77 - 0 
5 Koko 4 20 2 10% 125 31 25% 145 33 22% 
6 Kadro 3 15 1 6% 91 19 20% 106 20 19% 
7 Omdrman 3 10 - 0 60 11 12% 70 11 15% 
8 Elgraf E 3 14 2 14% 75 11 14% 89 13 14% 
9 Elgraf W 3 15 - 0 100 18 12% 115 18 15% 
10 Ad 
babeker 
3 12 6 25% 127 15 12% 139 18 13% 
11 Jabal 
Ewlia 
3 10 - 0 87 13 14% 97 13 13% 
 Total 33 156 12 8% 959 161 16% 1115 173 15% 
 
6
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      Table 8 : Shows the prevalence of brucellosis in  
      indifferent farms as detected by iELISA using serum samples   
 
Farm serial  
No. 
No. examined No. +ve +ve % 
1 40 8 20% 
2 30 7 23% 
3 31 9 29% 
4 25 - - 
5 20 - - 
6 44 10 23% 
7 20 - - 
8 30 6 20% 
9 37 7 19% 
10 50 - - 
11 27 - - 
12 25 5 20% 
13 35 8 23% 
14 40 11 28% 
15 45 9 20% 
16 30 - - 
17 37 8 22% 
18 42 12 28% 
19 18 - - 
20 33 11 33% 
21 19 - - 
22 43 5  15% 
23 39 8  20% 
24 15 - - 
25 50 11 22% 
26 36 7 19% 
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         Table 8 :Continued  
Farm serial  
No. 
Total No. 
examined 
No. +ve +ve % 
27 29 - - 
28 40 - - 
29 50 11 22% 
30 49 7 14% 
31 20 - - 
32 43 9 21% 
33 34 4 12% 
Total 1115 173 15% 
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           Table 9 : Shows the prevalence of brucellosis in  
            individual farms as detected by MRT  
Farm serial  
No. 
Total No. 
examined 
No. +ve +ve % 
1 15 11 73% 
2 15 6 18% 
3 25 4 16% 
4 20 2 10% 
5 20 2 10% 
6 20 - - 
7 20 2 10% 
8 20 1 5% 
9 25  2  12% 
10 25 3 15% 
11 20 1 5% 
12 75 - - 
Total  300 34 11% 
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Table 10: Shows SAT antibody levels in international  
units of sera positive in RBPT  
No. of cattle 9 12 108 
Antibody level 31 – 100i.u. 101 – 
819i.u. 
820 – 
12220i.u. 
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3.2.3\ Results of examination of milk samples by MRT 
and mELISA: 
Out of the total 300 milk samples examined by MRT, 34 (11%) 
were positive for the test. Out of the 300 samples 160 were randomly 
selected and reexamined by mELISA. 
The positive and negative results of the 160 milk samples were in 
agreement in both tests and no difference were found between MRT and 
mELISA. 
3.3\ Results of the samples cultured: 
One of the two samples of vaginal discharges was positive for mZ. 
N. and also upon culturing on potato agar medium. The culture yielded 
Brucella like organisms. It was Gram –ve, oxidase, catalase and uraese 
positive, and produced H2S. 
The results from VLA. U. K. showed that the Brucella like 
organism was urease positive H2S +ve, Co2 independent, grew on basic 
fuchsine and thionin both at 20 µl/ ml concentrations, agglutinated by 
monospecific antiserum A but not M, lysed by Weybridge (Wb), Tbilisi 
(Tb) and Firenze (Fi) but partially lysed with Berkeley (BK), and was 
established as B. abortus biovar 1.  
Out of the total 1115 serum samples, 300 milk and two vaginal 
discharges 208 (15%) were positive for brucellosis.     
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Chapter Four 
Discussion 
Although this work was carried out in Khartoum State, two farms 
in El Bagair, (El Gazera State) were included in the study, because they 
supplied most of the pure or cross breed dairy cattle to farms in Khartoum 
State.   
In this study 68% of dairy farms in Khartoum state were positive for 
brucellosis  , but the mean prevalence rate among total cattle examined in 
all farms was 15%. The prevalence rate varied from farm to farm as it 
ranged from 1 of 20 (5%) to 11 of 15 (73%). This variation could be 
attributed to variation in systems of animals husbandry, methods of 
control measure used in different farms and number of cattle in the farms.  
Since its first discovery in Sudan in (1943) brucellosis has been 
brought under control in many farms by vaccination and proper hygiene 
measures, but its still a problem in many others. The prevalence rate in 
this study is lower than that reported by Bennet (1943), who found a 
prevalence rate of 80%. Its rather high than that reported by Osman and 
Adlan (1986), who found a prevalence rate of 4% and Habiballa, et al, 
(1977), reported a prevalence rate of 11% in cattle kept in the same areas 
investigated .  
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The rather high prevalence rate of brucellosis at various periods may 
be attributed to the following:   
1. Lack of control measure whether by vaccination or stamping out. 
2. Poor hygienic conditions in farms. 
3. Lack of quarantine measures. 
4. Unawareness of farmers about the disease.  
5. Buying cows with unknown history of the disease. 
These factors might have played major roles in existence of the 
disease and its spread in dairy farms in Khartoum State. 
In addition to these factors the misdiagnosis of the disease might 
have played another role in the spread of the disease. According to 
(Wright, 1988) a simple, rapid and inexpensive serological test that will 
detect infected animals early in the incubation period and at all stages of 
the disease but dose not detect antibodies in vaccinated animal is still to 
be  found. The routine tests use for diagnosis of brucellosis and screening 
of cattle in dairy farms in the country are RBPT and MRT using antigens 
prepared locally without confirmations with other tests. In this study of 
1115 serum samples 133 (12%) reacted  positively  to RBPT when the 
same samples were re-examined using iELISA the number of positive 
increased to 173 positive (15%). At the same time 4 samples which were 
found positive in RBPT were found negative in both iELISA and cELISA 
the later test was used to re-examine the samples which were positive to 
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RBPT only. In recent years, the enzyme linked immunosorbent assay 
(ELISA) using either well characterized smooth lipopolysacharide of 
Brucella abortus in indirect ELISA or the O-polysacharide in a 
competitive ELISA, has been shown to be a very sensitive and specific 
test for measuring antibody response to brucella infection (Wright, 1988). 
Exports animals tested in the Sudan that had reacted negatively to the 
RBPT were found positive when they were reexamined in Saudi Arabia 
the import country (Anon, 2005) using ELISA. As a result the RBPT 
seemed to be inadequate for diagnosis of the disease.       
 Many reports (Gall, et. al. 1998; Godfroria, et. al. 2002; Shringi, 
et. al. 2002 and Paweska, et. al. 2002).Indicated that RBPT is less 
specific and less sensitive thus inferior to ELISAs which are widely used 
globally. RBPT antigen produced locally was compared with the 
standardized one supplied by the VLA. U.K. NO differences were found 
between the two antigens, however, the imported antigen gave more 
quick reaction than those with the local one. This may be  attributed to 
low concentration of the latter antigen. 
Davis (1971) found that the sensitivity of RBPT performed 
manually was 96% and its specificity was 97%. The RBPT was meant to 
be read by an optical scanning system and not by unaided eye. The 
limitations of the RBPT, the most commonly used in diagnosis 
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brucellosis, in Sudan, may be behind the persistence of brucellosis in 
dairy farms in Khartoum State.  
The result of iELISA agreed 100% with those of cELISA in 
detecting positive or negative cases. 
Four samples which were positive in RBPT reacted negatively in 
both iELISA and cELISA. Those samples positive for RBPT could be 
due to cross reacting organisms and needed further studies.  
SAT is no longer used for diagnosis of infection because of its 
limitations which according to Herr, et. at. (1982) are:  
1/  Serum Agglutination Test (SAT) becomes positive or inconclusive 
later than other testes following infection and may be delayed longer 
following abortion. 
2/ SAT titers wane in chronic conditions. 
3/ Ten to Thirteen presented of culture positive animals tend to become 
negative or in conclusive to SAT.  
However, because of its international unitage its used for export 
purpose (Stack and MacMilan, 2003). It is also used to determine the 
severity of infection. 
In this study 87% of the cattle reacted with a high titer over 820 i.u 
while 13 (10%) reacted with moderate titer and  6 (2%) reacted with low 
titer.  
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Dahoo, et. al. (1986) interpreted the test at 30 i.u. and 60 i.u. and 
found SAT – sensitivity 94% and specificity 99.5%. MacMillan, (1990) 
examined 300 samples from aborted animals confirmed bacteriologically, 
and 91.4% were found positive to RBPT compared to 66.9% positive to 
SAT > 100 i.u. In this study 87% of the cattle reacted highly over 820 i.u. 
It is appears that there is no single test which is both sensitive and 
specific but two tests could be used concurrently for diagnosis of the 
disease. ELISAs can be used instead of SAT and RBPT or that positive 
samples in RBPT and SAT must be subjected to ELISA.  
Although the results of MRT and mELISA agreed in 160 samples 
tested, yet MRT has several limitations and false – positive reactions may 
occur in recently vaccinated cattle or in samples containing abnormal 
milk such as colostrums or that due to mastitis (Stak and MacMillan, 
2003). 
In this study, brucellosis was more prevalence in females (16%) 
than males (8%). Whoever as the number of male animals examined was 
small further studies are needed to determine the prevalence of 
brucellosis in male and female cattle. 
B. abortus biovar 1 was isolated from a case of abortion. 
Previously Musa, et. al. (1990) typed 41 B. abortus organisms isolated 
from cattle in Darfur , western Sudan and found these to be biovar 6. 
Later (Agab, et. al. 1995) isolated B. abortus biovar 3 from camels in El 
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Butana area. Some authorities combine biovars 3 and 6 in a single biovar 
3 (Alton, et. al. 1988). This is the first report for the isolation of B. 
abortus biovar 1 from dairy farms in Khartoum .It was possible that it has 
been introduced with foreign breeds from Europe either  through infected 
animals or latently infected heifers.   
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Recommendations 
To prevent brucellosis in humans and animals the disease must be 
controlled in farms and in the State, and its essential to formulate control 
measures of the disease in all species. The following recommendations 
may help to achieve its spread:  
1. Raise the awareness of farmers and people at large about the 
disease and its consequences.  
2. Improve animal husbandry methods and adopt hygienic measures 
by keeping farms clean and healthy, separate infected cattle from 
healthy ones practically during parturition or abortion.  
3. Quarantine measures are important in all dairy farms. It is also 
essential to stop buying cattle and their introduction to farms 
without knowledge of their history and testing.  
4. ELISA tests should be adopted for screening dairy cattle instead of 
RBPT.  
5. Uninfected cattle should be vaccinated and routine immunization 
of calves at suitable ages should be adapted.  
6. When the prevalence of the disease is brought down to very low 
prevalence rates test and slaughter policy should then be adopted as 
an adjunct to vaccination and other control measures.   
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Further studies : 
This study is preliminary study and need to be extended to give 
more informative information and to cover many dairy farms in the 
Sudan as well as other animals on contacts. So more extensive surveys 
should be conducted to determine the size of the problem of brucellosis in 
cattle in different parts of the Sudan and  to detect the proper vaccine 
programs against brucellosis in all types of animal.                              
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Appendix 
Potato agar : 
Sound, raw potatoes are washed and peeled and 250g are thinly 
added in to 1000 ml of distilled water with minimum exposure to air. The 
mixture is kept over night in a covered container at approximately 60 0C 
and is filtered through gauze, the filtrate is made up to 1000 ml with 
distilled water and the following ingredients are added: sodium chloride, 
5g, peptone 10g, beef extract 5g, agar 30g.  
The mixture is heated to dissolve the agar (1 hour in flowing 
steam), after which 20 ml of glycerol is added, the medium is then 
adjusted to pH 7.0 – 7.2 by adding 10% sodium hydroxide solution. The 
medium is autoclaved for 20 minutes at a temperature of 120 0C.  
 For 1 litre of basal medium antibiotics are added as follows: 
• 1.0 ml of polymyxin B 5000 units/ml. 
• 1.0 ml of naystain 5000 unist /ml. 
• 12.5 ml of Bacitracin 2000 units /ml. 
• 0.4 ml of vancomycin 50 ml /ml.  
m Z. N. (Stamp et. al; 1950): 
? Smears were prepared form potato agar slopes for examination for 
Brucella like organisms, dried and fixed over a flame. 
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? The smears were stained for 10 minutes with a 1 : 10 dilution of 
stock solution of week Carbol Fuchsin.   
? Then the smears were washed in tap water. 
? Decolorized with 0.5% acetic acid for 30 seconds. 
? Washed thoroughly. 
? The stain was counterstained with 1% methylene blue for 20 
seconds, dried and examined for partially acid fast organisms. 
Gram’s stain: 
? Smears were prepared and fixed by heat. 
? They were covered by crystal violet and left for ½ min. 
? Then washed under a gentle stream of tap water. 
? Covered with Lugol’s iodine for ½ minute. 
? Decolorized with acetone for 30 seconds and washed 
immediately. 
? Counterstained with carbol fuchsin for ½ minutes. 
? Washed with water, drained and bloted. 
? Then examined for Gram’s reaction. 
  
 
 
